Three new lactarane sesquiterpenoids, sangusulactones A -C (1 -3), were isolated from the fruiting bodies of the mushroom Russula sanguinea (Bull.) Fr. (Russulaceae), together with two known ones, blennin A (4) and 15-hydroxyblennin A (5). The structures of the new compounds were elucidated on the basis of spectral data.
The family Russulaceae is one of the largest in the subdivision Basidiomycotina in Whittaker's Kingdom of Fungi [1] and comprises hundreds of species, worldwide distributed, belonging to the genera Lactarius and Russula. While secondary metabolites occurring in the fruiting bodies of Lactarius species have been well investigated [2] , the Russula mushrooms have received less attention, notwithstanding the larger number of existing species [3] . In a previous paper, we reported the isolation and structural elucidation of sterols from the fruiting bodies of Russula sanguinea (Bull.) Fr. [4] . In the course of further studies on the constituents of the above mushroom, three new lactarane sesquiterpenoids, sangusulactones A -C (1 -3), along with two known compounds have been isolated ( Figure 1 ). This paper deals with the structural elucidation of the new compounds. The known compounds 4 and 5 were identified as blennin A (4) [5] and 15-hydroxyblennin A (5) [6] , respectively, by comparison of their spectral data with those reported in the literature.
Compound 1, named sangusulactone A, was obtained as colorless oil. The molecular formula was determined to be C 15 H 22 O 4 by HREIMS. The IR spectrum exhibited a typical lactonic absorption band at 1750 cm -1 , as well as absorption bands for hydroxy groups (3416 cm -1 ) and a double bond (1677 cm -1 ). The 1 H NMR spectrum (Table 1) , obtained with the aid of 1 H-1 H COSY and HMQC spectra, showed signals due to a tertiary methyl group (Me-15), a secondary methyl group (Me-12), two methylenes (H 2 -1, H 2 -10), four methines (H-2, H-3, H-7, H-9), two oxygenated methylenes (H 2 -13, H 2 -14), an oxygenated methine (H-8) and a trisubstituted double bond (H-4). The 13 C NMR spectrum (Table 2) , obtained from a DEPT spectrum, showed characteristic signals appearing to be due to a carbonyl of a -lactone [ C 172.2 (C, C-5)] and a methylene carbon linked to a -lactone oxygen [ C 69.3 (CH 2 , C-13)]. These NMR data were very similar to those of 4 with the exception that the resonances due to one of the methyl groups at C-11 in 4 were replaced by hydroxymethyl group signals [ H 3.27 (1H, d, J = 11.0 Hz, H-14a), 3.33 (1H, d, J = 11.0 Hz, H-14b);  C 70.4 (CH 2 , C-14)] in 1. The hydroxymethyl group was assigned to C-14 on the basis of the HMBC correlations of H 2 -14 with C-1, C-10 and C-15, as well as the NOESY correlations of H-14a with H-1, and H-14b with H-10 ( Figure 2 ). The relative stereochemistry of 1 was determined from the NOESY spectrum ( Figure 2 ), in which cross peaks were observed between H-2 and H-9; and H-7 and H-9, implying a cis-junction for the A/B rings, and that H-2, H-7 and H-9 occurred on the same face () of the ring system. The NOESY cross peak observed between H-3 and H-8 suggested that the methyl group at C-3 and the hydroxy group at C-8 are  and  configurations, respectively. The absolute stereochemistry of 1 was elucidated by applying the helicity rule [7] . The CD spectrum of 1 showed a negative Cotton effect by the left-handed (M) helicity of the C(3)-C(4)=C(6) bond system at 205.1 nm ( -1.02) ( Figure 3 ). Thus, the absolute configuration at C-3 was assigned as R, indicating 2R, 7R, 8S, 9R, and 11S configurations. From the above data, the structure of 1 was determined to be (2R,3R,7R,8S,9R,11S)-8,14-dihydroxylactar-4-en-5-oic acid -lactone. The absolute stereochemistry of 2 was determined from the CD spectrum, in which a positive Cotton effect by the right-handed (P) helicity of the C(3)-C(4)=C(6) bond system was shown at 202.9 nm ( +1.23) ( Figure 5 ) [7] . Thus, the absolute configuration at C-3 was assigned as S, indicating 2S, 7R, 8S, and 9R configurations. On the basis of the above data, the structure of 2 was determined to be (2S,3S,7R,8S,9R)-3,8-dihydroxylactar-4-en-5-oic acid -lactone. Lactarane sesquiterpenoids from Russula sanguinea Natural Product Communications Vol. 7 (9) 2012 1135
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In conclusion, five lactarane sesquiterpenoids (1 -5), including three new ones, sangusulactones A -C (1 -3) , were isolated from the fruiting bodies of R. sanguinea. Although sesquiterpenoids of several types have been isolated from the genus Russula mushrooms [3] , this is the first report of the isolation of sesquiterpenoids from R. sanguinea.
Experimental
General procedures: Optical rotations, JASCO P-2200 polarimeter; IR, Perkin-Elmer Spectrum One FT-IR spectrophotometer; UV, JASCO V-630DS spectrophotometer; CD, JASCO J-720 spectropolarimeter; 1 H and 13 C NMR, JEOL JNM-LA 600 spectrometer; HREIMS, JEOL JMS-700 mass spectrometer.
Column chromatography was carried out on Kieselgel 60 (230 -400 mesh, Merck). Preparative HPLC was carried out on a Tosoh HPLC system (pump, CCPD; detector, RI-8010) using a TSKgel ODS-120T (7.8 mm i.d.×30 cm) column (Tosoh). 
